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Associations Between Habitual
School-Day Breakfast Consumption
Frequency and Academic
Performance in British Adolescents
Katie Adolphus*, Clare L. Lawton and Louise Dye
Human Appetite Research Unit, School of Psychology, University of Leeds, Leeds, United Kingdom
Studies indicate that breakfast positively affects learning in children. The present study
aimed to examine associations between habitual school-day breakfast consumption
frequency and academic performance, as measured by the General Certificate of
Secondary Education (GCSE). The GCSE is a national academic qualification obtained
by most British children during secondary education. Adolescents aged 16–18 years
(n = 294; females: 77.2%) completed a retrospective 7-day food diary to report
breakfast intake and a questionnaire to report GCSE grades. Breakfast was defined
as any food or drink containing ≥5% of total energy expenditure (TEE) consumed
up to 10:00 a.m. on school days. Habitual weekly school-day breakfast consumption
frequency was categorized as rare (0–1 school days), occasional (2–3 school days), or
frequent (4–5 school days). GCSE grades were aggregated into point scores and linear
regression models were applied. Participants’ GCSE grades in Mathematics and English
were analyzed using ordinal logistic regression. Adolescents who rarely consumed
breakfast on school days had a significantly lower capped point score (β = −0.13,
p < 0.05) and mean point score (β = −0.14, p < 0.05) compared with frequent
consumers. Low/middle socio-economic status (SES) adolescents who rarely consumed
breakfast were significantly less likely to achieve higher Mathematics grades compared to
low/middle SES adolescents who frequently consumed breakfast [adjusted cumulative
odds ratio (OR): 0.35 95% confidence interval (CI): 0.17–0.72]. This cross-sectional study
demonstrates that habitual school-day breakfast consumption amongst adolescents is a
significant correlate of GCSE attainment. The results offer promising associative evidence
which warrants further exploration in well controlled studies.
Keywords: breakfast, academic performance, learning, adolescents, school performance, educational
achievement
INTRODUCTION
There is interest in the impact of dietary interventions for improving cognitive function in
schoolchildren. Breakfast has the potential to improve children’s cognitive function at school, which
may benefit learning and academic performance. Numerous studies have examined the acute (same
morning) and chronic effects of breakfast consumption on cognitive performance, as measured by
objective cognitive function tasks. Systematic reviews have demonstrated that consuming breakfast
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relative to fasting has a positive effect on cognitive function
measured within 4 h post-ingestion (1). However, the
relationships are neither consistent nor clear-cut. The degree of
improvement varies according to the nutritional status of the
child (2, 3), as well as the timing and difficulty of the cognitive
task employed (4–6).
Several studies have also considered the effects of breakfast
on ecologically valid outcomes of academic performance in
terms of school grades and achievement test scores (7–12). A
systematic review of this evidence indicated that both habitual
breakfast consumption and school breakfast programs are
positively associated with academic performance in children and
adolescents (13). Most support was found for Mathematics and
arithmetic test performance (13). However, only 22 studies were
included in the review, highlighting the paucity of research on
ecologically valid academic outcomes (13). Furthermore, very
few studies have examined a sample of adolescents from the
United Kingdom (UK) and therefore, included measures of
academic performance that are typically used in the British
school system. Moreover, the majority of studies included in
the review did not explicitly differentiate between school-day
and weekend breakfast intake, despite the likely importance
of school-day breakfast consumption in the relationship with
academic attainment. More recently, cross-sectional studies have
demonstrated that regular consumption of breakfast is associated
with higher academic achievement (14, 15). However, a recent
cross-sectional study failed to find a significant relationship
between breakfast consumption and Cognitive Abilities Test
(CAT) performance in a sample of British adolescents from low
socio-economic status (SES) backgrounds (16).
Therefore, the aim of the present study was to examine
associations between habitual school-day breakfast consumption
frequency and academic performance in adolescents, as
measured by the General Certificate of Secondary Education
(GCSE). GCSE qualifications are gained following nationally
administered courses taken by most 15–16 year olds during
secondary education (high school) in England, Wales, and
Northern Ireland. GCSE qualifications have a functional
relevance to the pupil with both immediate and long term effects
on eligibility to pursue further education, higher education, and
employment (17–19).
METHODS
Participants and Procedure
This was a cross-sectional study. Data collection was carried out
between 2011 and 2012. Schools were recruited to take part in the
study by coordinating with a senior teacher. The questionnaires
were completed during a Research Open Day at the School of
Psychology, University of Leeds. Adolescents participated with
their class group and were chaperoned by their teachers. Three
hundred and eleven adolescents [males: 70 (22.5%); females: 241
(77.5%)] aged 16–18 years were recruited to take part in this
study. Participants were in full time education attending the final
2 years of secondary education (high school) in West Yorkshire,
United Kingdom. Of the 311 participants recruited to take part,
17 (5.5%) returned incomplete food diaries or questionnaires or
reported acute illness which may have influenced food diary data.
Data from these 17 participants were, therefore, excluded from
the statistical analysis. The final sample for analysis consisted
of 294 participants [males: 67 (22.8%); females: 227 (77.2%)]
aged 16–18 years. Ethical approval was obtained from the School
of Psychology Research Ethics Committee at the University of
Leeds, UK. The permission of the head teacher was received
from each of the participating schools and parental consent
was obtained prior to an adolescent’s participation in the study.
Participants gave oral consent on the day of data collection.
Participant consent was indicated by the act of completing and
returning the questionnaires.
Measures
Demographic Characteristics
Participants completed a self-report written questionnaire to
obtain demographic information including sex, age, ethnicity,
and highest parent/guardian education level (used as a proxy
for SES). Agreement between adolescents’ and parents’ reports
of measures of SES are generally good (20), with the highest
degree of agreement for reports of parental education compared
with occupation or income (21). The height and weight of
each participant was measured and recorded by researchers to
determine body mass index (BMI) standard deviation scores
(BMI SDS). BMI SDS were calculated using the LMS growth
Microsoft Excel add-in which expresses BMI as a SDS based on
British 1990 growth reference data (22, 23). Basal metabolic rate
(BMR) was estimated using the pediatric height-weight equations
proposed by Schofield (24). Total energy expenditure (TEE) was
calculated as: BMR x Physical Activity Level (PAL), with PAL
adjusted for energy needs for growth. The UK reference PAL
value was used (PAL value 1.75) determined by the Scientific
Advisory Committee of Nutrition (25).
Academic Performance
Participants’ self-reported GCSE grades obtained during
secondary education were used to measure academic
performance. GCSE grades are awarded for each course
subject, where pass grades include A∗-G with U as ungraded/fail.
To measure overall GCSE performance, aggregate point scores
were created using the Department for Education GCSE point
score system to transform individual subject grades into a
continuous numerical point score (26). Participants’ grades
for each subject were transformed into corresponding point
scores (e.g., A∗ = 58, A = 52, B = 46 etc.) which were summed
to produce a measure of overall GCSE performance. Three
aggregate GCSE point scores were created: uncapped GCSE
point score, capped GCSE point score, and mean GCSE point
score. Uncapped GCSE point score is the total sum of point
scores for all GCSE grades. Capped GCSE point scores is the
total sum of the point scores from the highest eight GCSE
grades only. Mean GCSE point score is the total uncapped point
score divided by the total number of GCSE grades. Although
there is some overlap, it was deemed necessary to perform
separate analyses for each of these outcomes. Capped point
score provides a measure of attainment that does not favor
participants who have a greater number GCSE subject grades.
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Uncapped point score reflects both quality and the number of
GCSE subject grades. To measure performance in Mathematics
and English, participants’ grades for each subject were used.
Where participants reported more than one grade for English or
Mathematics (e.g., English literature and English language), their
best eligible result was used. Performance in Mathematics and
English were of particular interest as these are compulsory GCSE
subjects which are also included in performance indicators (e.g.,
5 GCSE A∗-C including Mathematics and English benchmark).
Habitual Breakfast Consumption
Participants completed a 7-day retrospective food diary using
household measures to estimate weights of foods consumed.
Participants were required to report all food and drink consumed
for breakfast over a 7-day period which included the day of
testing and the previous 6 days. No other meals or drinks
were reported. To ensure consistency of reporting, participants
were instructed that breakfast is defined as the first eating
occasion involving a solid food or a drink that occurred after
waking, up to and including 10:00 a.m. on school days/college
days or 11:00 a.m. on weekend days (27). All food diaries
were analyzed using WinDiets (Research Version 2010; Robert
Gordon University, Aberdeen, UK).
A breakfast eating occasion was defined as any food or drink
containing ≥5% of TEE consumed up to 10:00 a.m. on school
days. The cut-off was adopted to represent a minimum amount
of energy required for classification as breakfast. This cut-off
equates to∼100 Kcal which represents the threshold of detection
of food and beverage ingestion on appetite visual analog scales
(28–30). Hence, the energy threshold for a breakfast eating
occasion was at least capable of inducing changes in satiety
and hunger. School-day (weekday) breakfast eating frequency
was used to classify participants’ habitual weekly school-day
breakfast consumption as rare (0–1 school days), occasional (2–
3 school days), or frequent (4–5 school days). The decision to
use school-day breakfast intake frequency was a priori and based
on several factors. Firstly, school-day and weekend breakfast
habits often differ in terms of food type, time consumed,
macronutrient, and micronutrient content (31–33). Secondly,
school-day breakfast intake is temporally related to academic
learning which may have immediate effects on the subsequent
academic performance and cumulative effects on academic
outcomes in the longer term. A 7-day retrospective food diary
was used in this study because a further aim was to examine
breakfast eating patterns in adolescents. These data are not
reported in this paper.
Statistical Analysis
Statistical analyses were performed using SPSS version 21
(SPSS, Inc. Chicago, USA) and the significance level (α-
level) was set as p < 0.05. Hierarchical linear regression
was conducted to examine the association between habitual
school-day breakfast consumption and the three aggregate
GCSE point scores variables: uncapped GCSE point score,
capped GCSE point score (best 8 GCSE subjects taken), and
mean GCSE point score. Model 1 was adjusted for ethnicity,
age, sex, SES, and BMI SDS. Model 2 was adjusted for
TABLE 1 | Participant demographic characteristics.
Demographic characteristics n (%)
Sex
Male 67 (22.8)
Female 227 (77.2)
Ethnicity
White British 241 (82.0)
Other ethnic background 53 (18.0)
SES
High SES 148 (50.3)
Low/middle SES 146 (49.7)
Mean (SD)
Height (cm) 167.41 (8.89)
Weight (kg) 63.61 (13.02)
BMI SDS 0.49 (1.08)
GCSE performance
Uncapped point score 524.10 (99.20)
Capped point score 401.07 (37.95)
Mean point score 48.71 (3.93)
the covariates in model 1 in addition to interaction terms
between socio-demographic variables (ethnicity, age, sex, SES,
and BMI SDS) and habitual school-day breakfast consumption.
Frequent habitual school-day breakfast consumption (4–5 school
days) was the reference category in all analyses. Ordinal
logistic regression (proportional odds model) was used to
analyse the association between habitual school-day breakfast
consumption and Mathematics and English GCSE grades.
Potential differences in grades were expressed in cumulative
adjusted odds ratios (ORs) and 95% confidence intervals
(CIs). Ordinal logistic regression estimates cumulative ORs,
modeling the probability of obtaining any higher GCSE
grade across the entire grade variable. Parallel lines tests for
habitual school-day breakfast consumption variables were non-
significant confirming the assumption of proportional odds
(34). Model 1 was adjusted for ethnicity, age, sex, SES, and
BMI SDS. Model 2 was adjusted for the covariates in model
1 in addition to interaction terms between socio-demographic
variables (ethnicity, age, sex, SES, and BMI SDS) and habitual
school-day breakfast consumption.
RESULTS
Participant Demographic Characteristics
Participant demographic characteristics are shown in Table 1.
The sample consisted of 294 participants aged 16–18 years. There
were significantly (p < 0.001) more females than males [males:
67 (22.8%); females: 227 (77.2%)]. Most participants were White
British [241 (82.0%)] with fewer participants of any other ethnic
background [53 (18.0%)]. Half of the participants were classified
as high SES. The mean BMI SDS was 0.49 ±1.08. Mean (± SD)
uncapped and capped GCSE point score was 524.10 ± 99.20 and
401.07 ± 37.95, respectively. The mean GCSE point score was
48.71± 3.93.
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Habitual School-Day Breakfast
Consumption
Approximately a third (28.6%) of participants rarely ate breakfast
on school days. Over half the participants frequently ate breakfast
on school days (53.1%). The remaining participants (18.4%) ate
breakfast occasionally on schooldays.
Associations With Academic Performance:
Aggregated GCSE Performance
Table 2 details the results of the hierarchical multiple regression
for uncapped and capped GCSE point score, and mean
GCSE point score. Habitual school-day breakfast consumption
frequency was not significantly associated with uncapped GCSE
point scores. For capped GCSE point score, model 1 indicated
that scores were 0.14 standard deviations lower in adolescents
who rarely eat breakfast on school days compared with those who
frequently consume breakfast (standardized beta coefficient [β]
= −0.14, p < 0.05). After including interaction terms in model
2 this significant relationship remained (β = −0.13, p < 0.05).
Converted to point scores, the fully adjusted unstandardized beta
coefficient (B) indicated that capped GCSE point scores were on
average 10.25 points lower in adolescents who rarely eat breakfast
on school days compared to those who frequently eat breakfast (B
=−10.25, 95% CI=−19.16 to−1.34; Table 2, model 2).
Similar results were found for mean GCSE point score.
The adjusted β coefficients (Table 2, model 1) indicated that
mean GCSE point score was 0.14 standard deviations lower in
adolescents who rarely eat breakfast on school days compared
with those who frequently eat breakfast (β = −0.14, p < 0.01)
which remained significant following adjustment for interaction
terms in model 2 (β=−0.14, p < 0.05). In terms of point scores,
mean GCSE point scores were on average 1.20 points lower in
adolescents who rarely eat breakfast on school days compared to
those who frequently eat breakfast, controlling for covariates (B
=−1.20, 95% CI=−2.17 to−0.23; Table 2, model 2).
Occasional school-day breakfast consumption was not
significantly related to all aggregate GCSE point scores in all
models. Additionally, all interaction terms were non-significant
in all models.
Associations With Academic Performance:
Mathematics and English Grades
Table 3 details the results of the ordinal logistic regression for
GCSE Mathematics and English grades. For English grades,
model 1 indicated that adolescents who rarely eat breakfast on
school days had significantly lower cumulative odds of achieving
higher grades than adolescents who frequently eat breakfast
(adjusted OR = 0.57, 95% CI = 0.35–0.95, p < 0.05). In model
2 with interaction terms, neither occasional nor rare school-
day breakfast consumption was significantly associated with
English grades.
For Mathematics grades, habitual school-day breakfast
consumption was not significantly associated with grades in
model 1. However, in model 2 including interaction terms,
there was a significant association between rare school-day
breakfast consumption and Mathematics grades. The adjusted
OR indicated that rare school-day breakfast consumption was
associated with lower cumulative odds for higher Mathematics
grades compared to frequent school-day breakfast consumption
(adjusted OR= 0.26, 95%CI= 0.07–0.88, p< 0.05). A significant
interaction was observed between SES and rare school-day
breakfast consumption. To explore this interaction, the analysis
was stratified by SES group. This indicated that only those
adolescents from low/middle SES backgrounds who rarely eat
breakfast on school days had significantly lower cumulative
odds for higher Mathematics grades (adjusted OR = 0.35 95%
CI = 0.17–0.72, p < 0.01) compared to those who frequently
eat breakfast. There were no significant associations between
habitual school-day breakfast consumption and Mathematics
grades in adolescents from higher SES backgrounds. All other
interaction terms were non-significant. Occasional school-day
breakfast consumption was non-significant in all models for both
Mathematics and English grades.
DISCUSSION
Overview of the Findings
The present study examined the relationship between habitual
school-day breakfast consumption frequency and GCSE
attainment, a national academic qualification obtained by most
British school adolescents during secondary education. This
study examined a sample of 16–18 year old UK adolescents.
Compared to national GCSE performance at the time of data
collection, this sample was a relatively high achieving sample of
adolescents (35).
Rare school-day breakfast consumption was negatively
associated with measures of aggregated GCSE performance after
controlling for confounders. Capped GCSE point scores were
on average 10 points lower and mean GCSE point scores
were on average 1 point lower in adolescents who rarely eat
breakfast on school days compared to those who frequently
eat breakfast. The magnitude of the effects suggests meaningful
differences in GCSE grades (Department for Education point
score scale increases by 6 points for each grade increase). The
findings are consistent with previous research demonstrating
that regular breakfast consumption is positively associated with
academic performance in children and adolescents, outlined
in our previous systematic review (13). The results are also
in accordance with a recently published study which reported
that regular breakfast consumption (7 days per week) was
strongly associated with increased odds of high self-reported
academic achievement in Norwegian adolescents aged 15–17
years, particularly in girls (14).
Aggregated GCSE attainment decreased with lower
frequencies of school-day breakfast consumption. However,
a significant association was apparent only when comparing rare
school-day breakfast consumption (on 0–1 school days/week)
to frequent (on 4–5 school days/week). This suggests that
significant effects on GCSE performance are more evident at the
extremes of breakfast consumption.
Uncapped GCSE point scores were not associated with
breakfast consumption on school days. However, capped point
score (best 8) and mean GCSE point score were negatively
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TABLE 2 | Linear regression analyses of the association between habitual school-day breakfast consumption and aggregated GCSE performance.
Model Explanatory variables Uncapped point score Capped point score Mean point score
B SE B β B SE B β B SE B β
1a Habitual school-day breakfast
Frequent (reference)
Occasional −20.79 14.01 −0.09 −0.37 5.08 0.00 0.21 0.55 0.02
Rare −16.29 12.26 −0.08 −11.30 4.43 −0.14* −1.25 0.48 −0.14**
2b Habitual school-day breakfast
Frequent (reference)
Occasional −25.01 14.37 −0.11 −1.54 5.24 −0.02 0.09 0.57 0.01
Rare −12.44 12.42 −0.06 −10.25 4.53 −0.13* −1.20 0.49 −0.14*
Interaction terms
Ethnicity * Occasional breakfast 5.54 36.24 0.01 1.72 13.23 0.01 0.54 1.45 0.02
Ethnicity * Rare breakfast −12.68 32.14 −0.02 7.47 11.73 0.04 1.02 1.28 0.04
SES * Occasional breakfast −22.76 28.83 −0.05 −1.27 10.52 −0.01 0.39 1.15 0.02
SES * Rare breakfast 12.86 24.41 0.03 7.00 8.90 0.04 0.79 0.97 0.05
Sex * Occasional breakfast −2.16 38.48 0.00 7.39 14.03 0.03 1.79 1.53 0.07
Sex * Rare breakfast −54.96 29.37 −0.11 −8.27 10.69 −0.04 −0.22 1.17 −0.01
Age * Occasional breakfast −0.21 18.97 0.00 3.09 6.92 0.03 0.37 0.76 0.03
Age * Rare breakfast 27.92 16.11 0.10 6.22 5.87 0.06 0.19 0.64 0.02
BMI SDS * Occasional breakfast 2.18 13.14 0.01 0.55 4.79 0.01 0.02 0.52 0.00
BMI SDS * Rare breakfast −13.25 11.20 −0.07 −5.66 4.07 −0.08 −0.43 0.44 −0.06
aAdjusted for ethnicity, SES, sex, age, and BMI SDS.
bAdjusted for ethnicity, SES, sex, age, BMI SDS, and interaction terms.
*p < 0.05, **p < 0.01, ***p < 0.001.
associated with breakfast skipping (0–1 days per weekday) on
school days. These measures are not indicative of the number of
GCSE grades, but reflect the quality of the results obtained. These
findings suggest that habitual school-day breakfast consumption
has greater effects on the quality of the grades rather than the
number of GCSE grades achieved. It is unlikely that habitual
school-day breakfast consumption has a strong effect on the
number of GCSE grades achieved in different subjects. This
may be because the number of GCSE grades achieved is more
influenced by school factors, rather than habitual breakfast
consumption. School pupils have a set choice regarding which
subjects are studied at GCSE level. There are generally three
compulsory subjects: English, Mathematics, and Science. All
other subjects taken at GCSE are optional. Optional GCSE
subjects offered vary between schools. For example, some GCSE
subjects may not be available, particularly a language subject
like German, French, or Spanish. Furthermore, each school
determines the number of GCSEs its pupils can take, which could
be as many as 12 or as few as 7.
The association between habitual school-day breakfast
consumption frequency and aggregated GCSE performance was
consistent across SES, ethnicity, sex, age, and BMI SDS. No
interaction terms were significant and the inclusion of interaction
terms into the regression models did not improve the models.
Collectively, this suggests that in this sample of adolescents,
there is no evidence of systematic variation in the effects of
habitual school-day breakfast consumption frequency on GCSE
attainment across socio-demographic groups. However, this
finding should be interpreted with caution as the sample was not
sufficiently diverse to detect reliable interactions between socio-
demographic variables and breakfast consumption patterns.
There were no clear subject differences for Mathematics and
English. Rarely eating breakfast on school days was associated
with poorer grades in both subjects, but this was slightly
attenuated following adjustment for covariates and interaction
terms. However, the association between habitual school-
day breakfast consumption frequency and GCSE attainment
appeared stronger for Mathematics grades. Rarely consuming
breakfast on school days was significantly associated with
poorer Mathematics attainment, which is largely consistent
with previous work (13). Further, SES background modifies
the association between habitual breakfast consumption and
GCSE Mathematics attainment. Examination of interaction
effects indicated that rare school-day breakfast consumption was
significantly associated with poorer Mathematics attainment in
low/middle SES adolescents only. This suggests that the negative
effects of skipping breakfast on school days are more apparent
for Mathematics attainment, but only for adolescents from
low/middle SES backgrounds. In high SES adolescents, overall
quality of the diet (including evening intake) may be higher
than in low SES adolescents which may offset any detrimental
effects of skipping breakfast. For example, SES discrepancies in
dietary intake are observed for intake of fruit, vegetables, fish,
whole grains, fiber rich foods, and high fat food (36–39). The
associations between SES and diet may exist because children
and adolescents from families of higher SES may have more
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TABLE 3 | Ordinal logistic regression (proportional odds model) for GCSE English
and Mathematics grades.
Model Explanatory variables English Mathematics
Cumulative ORa
(95% CI)
Cumulative ORa
(95% CI)
1b Habitual school-day breakfast
Frequent (reference) 1.00 1.00
Occasional 0.73 (0.41–1.31) 1.04 (0.58–1.84)
Rare 0.57*(0.35–0.95) 0.63 (0.39–1.03)
2c Habitual school-day breakfast
Frequent (reference) 1.00 1.00
Occasional 0.57 (0.11–2.91) 0.74 (0.15–3.72)
Rare 0.49 (0.14–1.69) 0.26*(0.07–0.88)
Interaction terms
Ethnicity * Occasional breakfast 1.34 (0.29–6.15) 1.10 (0.24–5.01)
Ethnicity * Rare breakfast 2.11 (0.55–8.16) 1.47 (0.39–5.60)
SES * Occasional breakfast 1.02 (0.31–3.39) 1.24 (0.38–4.06)
SES * Rare breakfast 1.61 (0.57–4.54) 3.98**(1.42–11.16)
Sex * Occasional breakfast 1.25 (0.25–6.15) 1.26 (0.26–6.19)
Sex * Rare breakfast 0.72 (0.22–2.35) 1.09 (0.34–3.48)
Age * Occasional breakfast 0.65 (0.29–1.45) 0.93 (0.42–2.06)
Age * Rare breakfast 0.72 (0.38–1.37) 0.69 (0.37–1.30)
BMI SDS * Occasional breakfast 1.14 (0.65–1.98) 0.85 (0.49–1.47)
BMI SDS * Rare breakfast 1.06 (0.66–1.68) 1.45 (0.91–2.29)
aShown are cumulative ORs for higher grades.
bAdjusted for ethnicity, SES, sex, age, and BMI SDS.
cAdjusted for ethnicity, SES, sex, age, BMI SDS, and interaction terms.
*p < 0.05, **p < 0.01, ***p < 0.001.
knowledge about healthy dietary choices and more income for
healthier food. Previous work has also shown positive effects
of breakfast consumption on academic performance in low SES
groups (40, 41). However, no study has directly compared the
effects of breakfast on attainment in children and adolescents of
differing SES and some studies suggest that effects are evident in
all SES groups (13).
Strengths and Limitations
The study extends previous work to include British adolescents
and the important GCSE phase of secondary schooling. GCSE
attainment was assessed by typical performance indicators used
within the education system. The focus on school-day breakfast
consumption in this relationship is novel and renders the
study findings particularly relevant for informing school-based
interventions. However, the public health relevance of, and
implications of the findings, are restricted at present due to the
observational design of the study. Although trials are needed to
establish whether altering the breakfast habits of adolescents can
alter their academic attainment, these findings are encouraging.
A number of methodological limitations should be considered
when interpreting the results. The cross-sectional design
precludes causal inferences. Furthermore, the observed breakfast
eating habits may not reflect habits at the time of examination
and preparation for GCSE qualifications, nor learning prior to
this period. However, breakfast eating habits formed during
adolescence tend to stay stable. Regular breakfast consumption
during adolescence significantly predicts regular breakfast
consumption during young adulthood (42). It is also important to
allow for the potential of unmeasured and residual confounding.
It is probable that there is some residual confounding in the
results with respect to SES. The study relied on adolescents’
reports of parental SES (measured as highest parent/guardian
education level) which may have introduced some measurement
error in the estimation of parental SES. Breakfast consumption
can coexist with other lifestyle factors highlighting the possibility
of unmeasured confounding. Employing a retrospective 7-day
food diary has limitations due to the reliance on participants’
memory (43). The use of a self-report measure of academic
performance may have introduced recall error and encouraged
socially desirable responses. However, evidence suggests that self-
reported academic performance correlates highly with actual
academic performance (44). The recruitment method caused
an unintended recruitment bias of a homogenous sample of
high achieving adolescents, in which male adolescents, lower
SES and ethnic minority groups were underrepresented. Finally,
breakfast quality was not considered in the analysis and therefore
conclusions regarding what aspects of breakfast are correlates of
academic performance cannot be drawn.
CONCLUSIONS
In conclusion, the findings suggest that regular breakfast
consumption on school days is a significant correlate of
adolescents’ academic performance at age 16–18 years after
controlling for covariates. Breakfast skipping was found to
be negatively associated with GCSE performance, a finding
supported by previous observational research. However, the
cross-sectional design only confirms the coexistence of breakfast
skipping and lower academic performance in the adolescents
studied. Given the multiplicity of interacting factors influencing
academic attainment in adolescents, teasing out the independent
effects of breakfast is a considerable challenge which requires
careful examination in further studies.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this manuscript will
be made available by the authors, without undue reservation, to
any qualified researcher.
ETHICS STATEMENT
The studies involving human participants were reviewed and
approved by School of Psychology Research Ethics Committee
at the University of Leeds, UK. Written informed consent from
the participants’ legal guardian/next of kin was not required
to participate in this study in accordance with the national
legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
KA conceived and designed the study, collected, analyzed and
interpreted the data, and drafted and wrote the manuscript. LD
Frontiers in Public Health | www.frontiersin.org 6 November 2019 | Volume 7 | Article 283
Adolphus et al. Breakfast and Academic Performance
and CL contributed to the design of the study, interpretation of
the data, and revised the manuscript critically. All authors read
and approved the final manuscript.
FUNDING
This work was supported by an Economic and Social Research
Council (ESRC) research studentship and funding from The
Schools Partnership Trust Academies (SPTA) [grant number:
ES/H039384/1, 2010-2013].
ACKNOWLEDGMENTS
The authors would like to acknowledge the contribution of
the pupils and teachers in the schools where this research
was conducted.
REFERENCES
1. Adolphus K, Lawton CL, Champ CL, Dye L. The effects of breakfast and
breakfast composition on cognition in children and adolescents: a systematic
review. Adv Nutr. (2016) 7:590S−612S. doi: 10.3945/an.115.010256
2. Simeon DT, Grantham-Mcgregor S. Effects of missing breakfast on the
cognitive functions of school-children of differing nutritional status.Am J Clin
Nutr. (1989) 49:646–53. doi: 10.1093/ajcn/49.4.646
3. Chandler AM, Walker SP, Connolly K, Grantham-McGregor SM. School
breakfast improves verbal fluency in undernourished Jamaican children. J
Nutr. (1995) 125:894–900.
4. Cooper SB, Bandelow S, Nevill ME. Breakfast consumption and cognitive
function in adolescent schoolchildren. Physiol Behav. (2011) 103:431–9.
doi: 10.1016/j.physbeh.2011.03.018
5. Ingwersen J, Defeyter MA, Kennedy DO, Wesnes K, Scholey AB. A low
glycaemic index breakfast cereal preferentially prevents children’s cognitive
performance from declining throughout the morning. Appetite. (2007)
49:240–4. doi: 10.1016/j.appet.2006.06.009
6. Defeyter MA, Russo R. The effect of breakfast cereal consumption on
adolescents’ cognitive performance and mood. Front Hum Neurosci. (2013)
7:789. doi: 10.3389/fnhum.2013.00789
7. Boschloo A, Ouwehand C, Dekker S, Lee N, de Groot R, Krabbendam
L, et al. The relation between breakfast skipping and school
performance in adolescents. Mind Brain Educ. (2012) 6:81–8.
doi: 10.1111/j.1751-228X.2012.01138.x
8. Lien L. Is breakfast consumption related to mental distress and academic
performance in adolescents? Public Health Nutr. (2007) 10:422–8.
doi: 10.1017/S1368980007258550
9. O’Dea JA, Mugridge AC. Nutritional quality of breakfast and physical activity
independently predict the literacy and numeracy scores of children after
adjusting for socioeconomic status. Health Educ Res. (2012) 27:975–85.
doi: 10.1093/her/cys069
10. Morales IF, Vilas MVA, Vega CJM, ParaMCM. Relation between the breakfast
quality and the academic performance in adolescents of Guadalajara (Castilla-
La Mancha). Nutr Hosp. (2008) 23:383–7.
11. So W-Y. Association between frequency of breakfast consumption and
academic performance in healthy Korean adolescents. Iran J Public
Health. (2013) 42:25–32. Retrieved from: http://ijph.tums.ac.ir/index.php/
ijph/article/view/4775
12. Øverby NC, Lüdemann E, Høigaard R. Self-reported learning difficulties
and dietary intake in Norwegian adolescents. Scand J Public Health. (2013)
41:754–60. doi: 10.1177/1403494813487449
13. Adolphus K, Lawton CL, Dye L. The effects of breakfast on behavior and
academic performance in children and adolescents. Front Hum Neurosci.
(2013) 7:425. doi: 10.3389/fnhum.2013.00425
14. Stea T, Torstveit M. Association of lifestyle habits and academic achievement
in Norwegian adolescents: a cross-sectional study. BMC Public Health. (2014)
14:829. doi: 10.1186/1471-2458-14-829
15. Littlecott HJ, Moore GF, Moore L, Lyons RA, Murphy S. Association between
breakfast consumption and educational outcomes in 9-11-year-old children.
Public Health Nutr. (2016) 19:1575–82. doi: 10.1017/S1368980015002669
16. Adolphus K, Lawton CL, Dye L. The relationship between habitual
breakfast consumption frequency and academic performance in British
adolescents. Front Public Health. (2015) 3:68. doi: 10.3389/fpubh.2015.
00068
17. Rice P. The impact of local labourmarkets on investment in further education:
evidence from the England and Wales youth cohort studies. J Popul Econ.
(1999) 12:287–312. doi: 10.1007/s001480050100
18. Payne J. Work-based Training for Young People: Data from the England and
Wales Youth Cohort Study: Research Report 276. London: HMSO (2001).
19. Gayle V, Murray S, Connelly R. Exploring the ‘middle’: school GCSE
attainment and ordinary young people. In: ESRC Centre for Population
Change Working Papers 39. Southampton: ESRC Centre for Population
Change (2013).
20. Lien N, Friestad C, Klepp K. Adolescents’ proxy reports of parents’
socioeconomic status: how valid are they? J Epidemiol CommunHealth. (2001)
55:731–7. doi: 10.1136/jech.55.10.731
21. Pu C, Huang N, Chou Y-J. Do agreements between adolescent and parent
reports on family socioeconomic status vary with household financial stress?
BMCMed Res Methodol. (2011) 11:50. doi: 10.1186/1471-2288-11-50
22. Cole TJ. The LMSmethod for constructing normalized growth standards. Eur
J Clin Nutr. (1990) 44:45–60.
23. Cole TJ, Freeman JV, Preece MA. Body mass index reference curves for the
UK, 1990. Arch Dis Child. (1995) 73:25–9. doi: 10.1136/adc.73.1.25
24. Schofield WN. Predicting basal metabolic rate, new standards and review of
previous work. Hum Nutr Clin Nutr. (1985) 1:5–41.
25. SACN. Dietary Reference Values for Energy. London: HMSO (2011).
26. Department for Education. Test and Examination Point Scores Using the 2012
School and College Performance Tables. London: HMSO (2013).
27. Reeves S, Halsey LG, McMeel Y, Huber JW. Breakfast habits, beliefs and
measures of health and wellbeing in a nationally representative UK sample.
Appetite. (2013) 60:51–7. doi: 10.1016/j.appet.2012.09.024
28. Lawton CL, Delargy HJ, Smith FC, Hamilton V, Blundell JE. A medium-
term intervention study on the impact of high- and low-fat snacks
varying in sweetness and fat content: large shifts in daily fat intake but
good compensation for daily energy intake. Br J Nutr. (1998) 80:149–61.
doi: 10.1017/S0007114598001056
29. Borer KT. Nonhomeostatic control of human appetite and physical activity
in regulation of energy balance. Exerc Sport Sci Rev. (2010) 38:114–21.
doi: 10.1097/JES.0b013e3181e3728f
30. Woodend DM, Anderson GH. Effect of sucrose and saﬄower oil preloads on
short term appetite and food intake of youngmen.Appetite. (2001) 37:185–95.
doi: 10.1006/appe.2001.0425
31. de Castro JM. Weekly rhythms of spontaneous nutrient intake
and meal pattern of humans. Physiol Behav. (1991) 50:729–38.
doi: 10.1016/0031-9384(91)90010-L
32. Alexy U, Wicher M, Kersting M. Breakfast trends in children and
adolescents: frequency and quality. Public Health Nutr. (2010) 13:1795–802.
doi: 10.1017/S1368980010000091
33. Haines PS, Hama MY, Guilkey DK, Popkin BM. Weekend eating in the
United States is linked with greater energy, fat, and alcohol intake. Obes Res.
(2003) 11:945–9. doi: 10.1038/oby.2003.130
34. Scott SC, Goldberg MS, Mayo NE. Statistical assessment of ordinal
outcomes in comparative studies. J Clin Epidemiol. (1997) 50:45–55.
doi: 10.1016/S0895-4356(96)00312-5
35. Department for Education. School Performance Tables (2013). Available online
at: http://www.education.gov.uk/schools/performance/ (accessed October 5,
2013).
36. Eloranta AM, Lindi V, Schwab U, Kiiskinen S, Kalinkin M, Lakka HM, et al.
Dietary factors and their associations with socioeconomic background in
Frontiers in Public Health | www.frontiersin.org 7 November 2019 | Volume 7 | Article 283
Adolphus et al. Breakfast and Academic Performance
Finnish girls and boys 6-8 years of age: the PANIC Study. Eur J Clin Nutr.
(2011) 65:1211–8. doi: 10.1038/ejcn.2011.113
37. Doku D, Koivusilta L, Raisamo S, Rimpela A. Socio-economic differences
in adolescents’ breakfast eating, fruit and vegetable consumption and
physical activity in Ghana. Public Health Nutr. (2013) 16:864–72.
doi: 10.1017/S136898001100276X
38. Mushtaq MU, Gull S, Mushtaq K, Shahid U, Shad MA, Akram J. Dietary
behaviors, physical activity and sedentary lifestyle associated with overweight
and obesity, and their socio-demographic correlates, among Pakistani
primary school children. Int J Behav Nutr Phys Activ. (2011) 8:130.
doi: 10.1186/1479-5868-8-130
39. Sausenthaler S, Standl M, Buyken A, Rzehak P, Koletzko S, Bauer CP,
et al. Regional and socio-economic differences in food, nutrient and
supplement intake in school-age children in Germany: results from the
GINIplus and the LISAplus studies. Public Health Nutr. (2011) 14:1724–35.
doi: 10.1017/S1368980010003575
40. Kleinman RE, Hall S, Green H, Korzec-Ramirez D, Patton K, Pagano ME,
et al. Diet, breakfast, and academic performance in children. Ann Nutr Metab.
(2002) 46:24–30. doi: 10.1159/000066399
41. Murphy JM, Pagano ME, Nachmani J, Sperling P, Kane S, Kleinman
RE. The relationship of school breakfast to psychosocial and academic
functioning: cross-sectional and longitudinal observations in an inner-
city school sample. Arch Pediatr Adolesc Med. (1998) 152:899–907.
doi: 10.1001/archpedi.152.9.899
42. Merten MJ, Williams AL, Shriver LH. Breakfast consumption in adolescence
and young adulthood: parental presence, community context, and
obesity. J Am Diet Assoc. (2009) 109:1384–91. doi: 10.1016/j.jada.2009.
05.008
43. Rankin D, Hanekom SM, Wright HH, Macintyre UE. Dietary
assessment methodology for adolescents: a review of reproducibility
and validation studies. South Afr J Clin Nutr. (2010) 23:65–74.
doi: 10.1080/16070658.2010.11734284
44. Kuncel NR, Credé M, Thomas LL. The validity of self-reported grade point
averages, class ranks, and test scores: a meta-analysis and review of the
literature. Rev Educ Res. (2005) 75:63–82. doi: 10.3102/00346543075001063
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2019 Adolphus, Lawton and Dye. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Public Health | www.frontiersin.org 8 November 2019 | Volume 7 | Article 283
